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Abstract. Improving the energy efficiency of modern enterprises, including the food industry as one of the priorities for
the life support of the population, is of strategic importance for Ukraine. The purpose of the study is an analysis of the
energy-saving potential of food industry enterprises and the search for ways to reduce the energy intensity of technological
processes, devices, and equipment, as well as transmission heat losses of buildings and structures. For field tests of
industrial and technological objects, a combined thermal imaging and thermometric research methodology was chosen,
which combines thermal imaging of characteristic thermal zones to detect anomalous areas and contact measurements
of thermophysical parameters in these zones. A computerised information and measuring system equipped with a set of
primary sensors of temperature, heat flux, humidity, etc. was used for long-term monitoring of thermophysical parameters
simultaneously at different sites of the facilities. As a result, an array of data was obtained and processed, the parameters
of complex convective and radiation heat transfer were calculated, and the heat transfer resistance was determined,
which allows assessing the degree of danger of the detected thermal anomalies and developing measures for thermal
modernisation of facilities using modern thermal insulation materials. Reduction of heat loss in production processes
is also achieved by organising high-quality thermal insulation of technological apparatuses, pipelines and refrigeration
equipment. The main parameter for selecting the required material is its low thermal conductivity in the operating
temperature range of the equipment. For the effective heat insulator selection, the thermal conductivity of a number of popular
materials of world-famous manufacturers was studied based on the certified information-measuring system of Ukrainian
design by the stationary plate method with the use of heat flux and temperature sensors. The thermophysical parameters of
heat-insulating materials in the range of 0.02...0.045 W/(m-K) were estimated and thereby revealed the thermal conductivity of
materials with a closed microporous structure to be half that of fibrous ones and not dependent on the density of the material,
which makes them the best option for high-quality insulation of buildings and equipment of food production

Keywords: energy saving, energy audit, thermal insulation, monitoring, heat transfer resistance, thermal resistance,
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Introduction

The energy supply of the economy and efficient use of The economic condition of each enterprise is determined
fuel and energy resources of Ukraine is one of the main by its ability to effectively reduce energy consumption.
national priorities in terms of its economic significance.  Ukraine’s industry, including food and processing, has a
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huge potential for energy and resource saving with the
introduction of the latest technologies and equipment, the
use of secondary energy sources, as well as the modernisa-
tion of obsolete energy equipment, buildings, and structures
for industrial purposes.

Leading scientists and economists dedicated their
works to the study of energy saving issues in Ukraine, the
formation of mechanisms for the implementation of energy
saving measures of industrial enterprises, development of
an energy efficiency strategy that accounts for the conditions
and features of the functioning of energy supply systems of
industrial enterprises and will allow solving key challenges of
efficient use of energy resources in the long term.

Experts distinguish the following main types of en-
ergy-saving measures: organisational, technological and in-
vestment [1-3]. The latter include highly effective measures
for the transition to alternative energy sources and the use
of modern energy-saving production technologies [2], but
require higher capital investments, while others are less
costly and no less effective.

Organisational measures include internal energy
audit and compiling the “Energy passport of the enter-
prise” developed by the State Committee of Ukraine on
Energy Saving according to the Law of Ukraine “On Energy
Saving” [4; 5]. The introduction of energy certification of-
fers an opportunity to create an information database on
the state of use and reserves of fuel and energy resources
and creates conditions for the development of energy-saving
measures for the future [3; 6; 7]. Every enterprise, including
industrial or agricultural, and its boiler rooms must undergo
this procedure once every 5 years.

Ukrainian [1; 3; 6] and foreign experts [8] agree that
the basic energy-saving measures are technological. First of
all, it is the optimisation of technological processes, replace-
ment or modernisation of outdated industrial equipment,
as well as the introduction of energy efficiency standards
in the use of industrial buildings and structures. The norms
of modern industrial construction already include Europe-
an requirements for energy saving and energy efficiency,
and old enterprises need the so-called “thermal moderni-
sation”. Usually, it is a set of measures aimed at increasing
the resistance to heat transfer of building envelopes and
structures using modern heat-insulating materials, resulting
in energy savings and reduction of heat loss [6; 7].

Thermal insulation of production equipment, tech-
nological heat and mass exchange apparatuses, vessels
and pipelines is also an important part of the complex of
energy-saving measures in the food and processing indus-
try [7-9]. Thermal insulation of pipelines, vessels and appa-
ratuses is a mandatory procedure after their strength and
density tests. Heat losses from poorly performed insulation
works lead to an increase in thermal loads on equipment,
violation of thermal conditions of technological processes,
and deterioration of product quality. Materials must pro-
vide high-quality protection of production equipment and
pipelines during temperature and humidity fluctuations,
which is especially important in the processes of cooling and
cold storage of food products.

Refrigeration technologies are a significant seg-
ment of energy consumption in the food industry, be-
cause without which any processing of livestock products,
food production and its proper storage is impossible [9].
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The main aspects of cold insulation measures are:

— insulation of trucks with isothermal vans for perish-
able products equipped with refrigeration units;

- insulation of refrigerated railway wagons;

- insulation of domestic and industrial refrigerators;

- insulation of pipelines and containers with refrigerants;

- insulation of mobile and stationary freezers for food,
special chemicals and other materials.

Cold insulation, like thermal insulation, also con-
tains an energy-saving potential aimed at reducing or pre-
venting the transfer of heat from the environment to an
object that is artificially cooled to maintain a negative tem-
perature and vice versa, which can be ensured by the use of
efficient low-heat-conducting heat insulators.

The purpose of the study is to determine the trans-
mission heat losses of industrial facilities and equipment
of food production and to justify the choice of the most
effective heat-insulating materials for their maximum
reduction.

Materials and Methods

1. Determination of heat transfer resistance of multilayer
enclosing structures of industrial buildings and structures,
power equipment, energy-intensive equipment and techno-
logical apparatuses.
The traditional method for determining transmission heat
losses is a calculation method based on the average annual
temperature of the object and the environment and empir-
ical coefficients. Such a method is approximate and gives a
generalised notion of the actual state of the object. Real re-
sults can be obtained only by long-term monitoring of the
thermal state of the object in in-situ conditions, followed
by processing the obtained data array.

The most modern method of such studies is the com-
bined thermal imaging and thermometric method [6; 7],
recommended by regulatory documents [4; 10]. At the first
stage, thermal imaging of the elements of enclosing struc-
tures (ES) of buildings, structures or equipment is carried
out, based on the results of which the images of tempera-
ture fields are analysed to determine the zones of thermal
anomalies. The next step is to study the thermal protection
properties of the ES using a wide range of devices to deter-
mine a number of characteristic parameters: the tempera-
ture of the ES surfaces and the environment, the density
of heat flux through the ES and from energy sources, air
humidity and materials, air velocity, heat exchange coeffi-
cients. At the same time, the use of a number of separate
devices can lead to a multiplication of the total measure-
ment error and is technically and economically unprofitable.

ES of objects usually consist of various structural
elements with different thermal resistance, so for surveys
and qualitative assessment of heat loss, it is necessary
to conduct long-term monitoring of the thermal state of
the structure or apparatus, while simultaneously measur-
ing and recording the values of temperature and heat flux
density in several dozen characteristic and abnormal areas.
Therefore, to conduct synchronous and long-term studies,
it is advisable to use an information-measuring system,
which is presented in Figure 1, the computerised system
“RESOURCE?” [7], developed for the complex instrumenta-
tion support of the research of objects’ ES according to the
methods of standards [4; 10].
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Figure 1. Appearance (a) and functional diagram (b) of the information-measuring system “RESOURCE”:
HFS - heat flux sensors (transducers); TS — temperature sensors (transducers), HM — humidity meter (sensor),
PC - personal computer

“RESOURCE” is a multichannel measuring system
that allows determining the density of the heat flux, the
temperature of the surface and the air near it at many dif-
ferent sites of the object under study, humidity, thermal
conductivity, heat transfer coefficient and components of
the heat flux in complex heat exchange and calculating the
value of transmission heat losses on the surface of the object
in production and laboratory conditions.

The system is fully equipped (Fig. 1) with:

- specialised heat flux sensors HFS and temperature TS
in quantities determined by the relevant regulatory doc-
uments [4; 10] for heat engineering tests of construction
objects;

- radiometer - absolute cavity receiver of hemispherical
thermal radiation for non-contact measurement of thermal
radiation flux density;

— “Alfamir” devise for the determination of convective
and radiative heat transfer coefficients and flow compo-
nents in complex heat transfer, which is a flat structure of
two HFSs on a common isothermal substrate, with thermo-
couples for measuring the temperature of the substrate and
adjacent air. Free surfaces of both HFSs have contrasting
degrees of blackness, the range of values of which is from
0.85 to 0.90 for black and from 0.02 to 0.25 for white HES;

— the primary air humidity sensor HM.

Specialised measuring devices, such as Fluke, are
used for thermal imaging and non-contact temperature
measurements [11]. To simultaneously measure the thermal
conductivity of the material of the structure, a portable
probe express thermal conductivity meter can be connected
to the system [7].

Main technical characteristics of the resource system:

- range of measured values of surface heat flux density
from 10 to 500 W/m?;

- basic permissible relative error of measuring the surface
heat flux density * 4%;

- measured temperature range from minus 40 °C to
+50 °C;

- the main permissible absolute error of temperature
measurement is #1 K.

When surveying natural objects, their individual
characteristic zones can be located at a considerable dis-
tance — up to several tens of meters, which necessitates the
use of a distributed measuring system with several mod-
ules. To monitor the thermal condition of such objects, a
modified measuring system “RESOURCE-RC” with a radio
communication channel between the modules (Fig. 2) and
the central control unit was developed.

Figure 2. Multichannel measuring module “RESOURCE-RC”
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Each measuring module can be connected to eight
primary sensors of different types, and it is powered by a
built-in 12 V battery. Low-power transceivers with a ca-
pacity of up to 10 mW, which do not require special per-
mission, are used to transmit data over the radio channel.
Each module, working separately, collects measurement
data from its sensor group and discretely transmits it to
the central control unit, where it is processed in the software
environment.

Primary heat flux sensors are bimetallic converters
of the auxiliary wall type according to DSTU 3756-98 [12].
The visual appearance of the specialised HFSs is presented
in Figure 3 in several modifications that account for the
specific features of the surveyed objects and can be mounted
on different types of structures. Primary temperature sen-
sors are represented by a set of standard thermoelectric
transducers the THC(L) type [13] and resistance thermom-
eters Pt-100 [14].

Figure 3. Measuring sensors of various modifications (a) and their installation during field tests
on the inner surface — heat flux sensors (b); on the outer surface — temperature sensors (c)

Data on the thermal regime of the inspected build-
ing structure or equipment is converted by primary sensors
into analogue electrical signals and submitted to the input
of the electronic unit, where they are sequentially regis-
tered. The electronic unit is designed as a portable case, and
has slots for connecting primary converters and a computer
communication interface. The unit also contains a built-in
device for stabilising the reference junctions of differen-
tial thermocouples, the temperature of which is taken into
account in calculations. Depending on the system modifi-
cation, the number of DC voltage measurement channels
in the measuring unit varies from 32 to 96. The measure-
ment results are transmitted to the data acquisition and
processing system and converted into heat flux density and
temperature in the appropriate units (W/m? and °C/C). The
duration of continuous recording of research results can
vary up to 3-5 days depending on the number of measuring
channels and the amount of RAM of the system.

The computing programme of the RESOURCE sys-
tem allows creating individual configuration files for each
monitored object and defining the order of channel polling,
time intervals and frequency of polling, exchange rate and
computer port number. During operation, signals are mea-
sured according to a given programme, and their primary
processing and visualisation are performed both tabularly
in numerical form and in the form of functional graphs. At
the same time, the data is stored in an MS Excel file, which
makes it possible to further process it if necessary.
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2. Study of thermal resistance and coefficient of effective thermal
conductivity of thermal insulation materials.

Materials based on foamed rubber, foamed polyethylene,
and mineral wool are recommended for the insulation of
food-grade industrial equipment. Less often, shells made of
polyurethane foam and expanded polystyrene are used [15].
The selection of material depends on the operating condi-
tions of the facility, safety requirements, manufacturability,
and cost-effectiveness of installation work, but the main
requirement is low thermal conductivity of the material in
the range of operating temperature of the equipment.

Mineral wool and expanded polystyrene are tra-
ditionally considered the cheapest and easiest to install.
However, in practice, they are effective only for insulation
of equipment operating at temperatures above 0 °C, be-
cause in aggressive conditions of fluctuations in tempera-
ture and humidity and condensation at negative tempera-
tures, mineral wool insulators lose their properties. foam
polystyrene can be inhabited by rodents, which is not con-
sistent with the high hygienic requirements for the storage
and transportation of food products.

Therefore, the insulation material must be non-po-
rous or contain only closed pores, be eco-friendly, resistant
to corrosion, fungal formation, and rodent damage. All
these qualities are characteristic of polyurethane foam (PU
foam), which is obtained from polyurethanes by foaming
by the reaction of two liquid components - isocyanate and
polyol in the presence of catalysts, emulsifiers, and other
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impurities, resulting in the formation of microcapsules filled
with filler gas. PU foam is applied using a low-pressure
device in several layers to achieve the desired thickness for
thermal calculations of the object, the foam hardens, forming
a dense, uniform and sealed thermal insulation layer that
does not require an additional vapour barrier. Sandwich
panels based on PU foam are commonly used for the con-
struction of industrial facilities, in particular, warehous-
es-refrigerators for long-term storage of food products,
mobile and stationary freezers, etc.

The Ukrainian market of heat insulators is constantly
expanding through both import and domestic manufactur-
ers offering a wide range of products. The main indicators
of the effectiveness of thermal insulation materials are their
thermophysical characteristics: thermal resistance, which
depends on the thickness of the material, and the coefficient

of effective thermal conductivity, which has a clearly defined
temperature dependence. Measurement of thermal conduc-
tivity of thermal insulation materials in Ukraine is regulated
by a number of state and international standards [16-18].
Since most thermal insulation materials are non-ho-
mogeneous (including fibres, cavities, etc.), according to
the current standards, the dimensions of the test samples
of materials should be at least 250x250 mm in plan, while
the measurement error should not exceed * 3%. To conduct
the research, we used a specialized information-measuring
system (Fig. 4) developed in Ukraine, which implements
a symmetrical scheme of the thermometric method using
two identical primary heat flux sensors [19; 20] and embod-
ies amodern standardised approach to ensuring the necessary
requirements for the accuracy and reproducibility of mea-
surement of thermophysical parameters and quantities [21].

Fans |

0

Figure 4. Information and measuring system: a) external appearance of the heating unit;
b) placement of samples in the measuring cell; c) functional blueprint

The main element of the information and measure-
ment system is a thermal unit (Fig. 4, a), in which a sample
of the test material is placed (Fig. 4, b) with the necessary
temperature and thermal conditions provided (Fig. 4, c). The
system is also equipped with a device for temperature con-
trol of the thermocouple reference junctions. All primary
measurement information is accumulated and processed in
an electronic unit containing means for regulating thermal
conditions, receiving, and processing data and transferring
them to a computer for further processing in a specialised
software environment. Measurement of thermophysical
characteristics of samples of construction and thermal insu-
lation materials can be carried out on samples up to 120 mm
thick with maximum performance and standardised accuracy
in accordance with the requirements of national and interna-
tional standards. Main technical characteristics of the system:

- range of values of the thermal conductivity coefficient
0.02...3.0 W/(m-K);

— limits of permissible basic relative measurement error
+3%;

- operating temperature range of -40 °C...180 °C;

- the sample size is 300x300%(10...120) mm.

When preparing samples for the study, they are given a
shape suitable for placement in the measuring cell: hard sam-
ples are ground to give the working surfaces a plane-parallel
shape, and for soft and fibrous ones, additional equipment

is made — spacers or a limiting frame. Before placing the
samples in the measuring cell of the thermal unit, they are
measured and weighed to calculate their density.

According to the standardised procedure [16], mea-
surements are carried out on at least three samples of the
same material in a dry state at average temperatures of 10 °C
and 25 °C, or in the entire operating temperature range,
depending on the purpose of the experiment. Calculations
of the coefficient of thermal conductivity are carried out
according to standard dependences based on the average
results of measurements of temperature, heat flux density
and sample thickness [16; 17; 19]. The final result is calcu-
lated as the arithmetic mean for the tested samples, con-
sidering the measuring error of £3%.

Results and Discussion

1. Determination of heat transfer resistance of multilayer
enclosing structures of buildings, structures, power, and tech-
nological equipment

The combined thermal imaging and thermometric method
was successfully tested in the study of building struc-
tures [22] and was included in the regulatory document [10].
Figure 5 demonstrates the results of a thermal imaging sur-
vey of the facade of the two-storey building by Fluke [11],
conducted as part of a preliminary examination of its thermal
condition.

Animal Science and Food Technology. 2022. Vol. 13, No. 2
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Figure 5. Thermogram of the facade of a two-storey administrative building

The study was conducted during the heating season,
and the results of the thermogram analysis accurately iden-
tify areas with increased heat loss. The measuring sensors
of temperature and heat flux (Fig. 3) of the “RESOURCE”

system were installed on such zones outside and inside the
building and the thermophysical parameters of the character-
istic part of the object were monitored for a certain period of
time. The measurement results are shown in Figure 6.
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Figure 6. Record of thermophysical parameters for a characteristic area of an object (wall):
1 - internal air temperature; 2 — internal surface temperature of the object;
3 — density of heat flux through the research object; 4 — temperature of the external surface of the
object; 5 — outdoor air temperature

The result of the observations is an array of data
on the change of thermophysical parameters in real time,
which can be further processed according to the relevant
standardised methods [4; 7; 10], determining the necessary
parameters, analysing, and providing an expert opinion.
During quantitative analysis, the actual values of the main
heat engineering characteristics of the ES are determined
and compared with the values of transmission heat losses
obtained by the calculation method. This makes it possible
to assess the degree of danger of detected thermal anoma-
lies for the normal functioning of the surveyed objects. Sig-
nificant defects, assessed by the level of thermal resistance,
are considered to be those that lead to a local decrease in
thermal resistance by more than 15%.
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The combined thermal imaging-thermometric tech-
nique can be effectively used in the inspection and deter-
mination of heat transfer resistance not only of multilayer
enclosing structures of buildings and structures but also of
power units and industrial apparatus of food enterprises. The
use of the information-measuring system “RESOURCE” for
such studies has the following advantages:

- the ability to conduct continuous synchronous ob-
servations of the thermal state of objects at several char-
acteristic points for a long time (up to 3-5 days) without
stopping the technological process;

- high metrological level of measurements in real con-
ditions, automation of processing and documentation of
results;
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— ability to conduct an energy audit and take energy-sav-
ing measures, in particular, carry out thermal modernisation
of industrial buildings or perform thermal insulation of
technological equipment, choosing the optimal material.

2. The results of thermal conductivity studies of modern ther-
mal insulation materials are presented in Table 1 at tem-
peratures of 10 °C and 25 °C and graphically in the operating
temperature ranges - in Figure 7.

Table 1. Coefficients of effective thermal conductivity of heat insulators

. Material density, Thermal conductivity
No Material name kg/m3 coefficient, W/(m-K)

1 IPN-nano KINGSPAN [23] 32...35 0.019...0.021
2 Polyurethane foam “ELASTOPOR” [24] 40...45 0.020...0.022
3 ISOVER mineral wool [25] 10...13 0.037...0.040
4 Expanded polystyrene 35...38 0.038...0.042
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Figure 7. Temperature dependences of thermal conductivity coefficients of modern heat insulators

The values given in Table 1 correspond well with the
results of certification tests of established materials [24; 25],
while for the newest material IPN-nano [23] the experi-
mental results were obtained for the first time. This material
demonstrates high thermal insulation qualities, now it is
used mainly as a filler for sandwich panels for the con-
struction of industrial refrigerators-warehouses and modern
refrigeration and logistics complexes.

According to Fig. 6, it is possible to select the ma-
terial that will best meet the requirements for the oper-
ation of technological equipment or pipelines in a wide
temperature range. The results of the research confirm
the high thermal insulation properties of polyurethane
foam, which, along with operational and hygienic prop-
erties, makes it one of the leading effective heat and cold
insulation of refrigerators and freezers, especially for com-
plex-shaped structures.

Conclusions

Solving the issue of energy saving in the food industry re-
quires a comprehensive approach to identifying and elimi-
nating sources of heat loss. The procedure includes inspec-
tion and evaluation of thermal parameters of structures of
buildings and equipment, and, if necessary, carrying out
measures for thermal modernisation of industrial build-
ings and structures, industrial and power equipment using
high-quality thermal insulation.

A modern approach to research of the thermal state
of objects is provided by a combined thermal imaging and

thermometric technique, and modernisation of testing of
enclosing structures of buildings and apparatuses in char-
acteristic zones is provided by the use of a multi-channel
information and measurement system equipped with var-
ious sensors and devices. Such a system allows long-term
monitoring simultaneously at many points of the object in
automatic mode, which significantly increases the accu-
racy of research and eliminates the subjective influence of
the operator, conducting energy audits and certification
of industrial buildings and structures in accordance with
the requirements of regulatory documents and develop the
necessary energy saving measures, choosing the most opti-
mal material for this.

The main characteristic that confirms the quality of
the insulation material is the coefficient of effective ther-
mal conductivity. The study of the thermal conductivity
of modern materials on a certified information-measur-
ing system in a wide range of temperatures confirms the
high thermal protection properties of polyurethane foam
0.020...0.022 W/(m-K) and IPN-nano 0.019...0.021 W/(m-K).
These materials not only provide protection in conditions
of temperature and humidity fluctuations, but also meet
the requirements of industrial sanitation, which makes it
possible to use them for heat or cold insulation of techno-
logical devices, pipelines, and equipment of food produc-
tion. More traditional materials — mineral wool and poly-
styrene — have almost twice worse thermal conductivity
but are more cost-effective in the thermal modernisation
of industrial buildings and structures for various purposes.

Animal Science and Food Technology. 2022. Vol. 13, No. 2
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3axoxu i 3acodu miABUIIEHHSA eHeproedeKTHBHOCTI Xap40BUX BUPOOHHUIITB

3inaima AuzpiisHa Byposa!, Jleonin Mocumosiu Bopo6iios?,
Cepriit Onekcanaposuy IBanos?, Oner JleoHigosuu Jekyma®

'HarmionanpHMi yHiBepcuTeT 6iopecypciB Ta TPUPOIOKOPUCTYBAHHS YKpaiHM
03041, Byn. l'epoiB O60ponu, 15, M. Kuis, Vkpaina

THcTuTyT TexHiuHoi Terodisuku HAH Ykpainn
03057, Bys1. Mapii Kamnicr, 2a, M. KuiB, Ykpaina
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03150, Bysn. AHTOHOBUYA, 172, M. Kuis, Ykpaina

AHoranisa. ITigBunieHHs eHeproe®eKTUBHOCTI Cy4acHUX MiAIIPUEMCTB, B TOMY UMCIi XapyoBoi ramysi sk omHiel
3 TIPIOPUTETHUX [JIS1 SKUTTE3abe3TMeueHHs] HAaceleHHS, MA€ CTPaTeriuHo BaKIMBe 3HAUeHHS s YkpaiHu. MeToro
JOCTiKeHHSI € aHAasIi3 OTeHIiaTy eHepro3tepexkeHHsI MiAMPYEMCTB XapuoBOi IMPOMMCIOBOCTI Ta MOIIYK CIIOCO0iB 3HVDKEHHSI
€HEProEMHOCTi TEXHOJIOTIUHUX MPOIleciB, amapaTiB Ta OOTaJHAHHS, & TAKOX TPAHCMICiTHMX TeIUIOBTpaT GymiBenb i
criopyn. ISl HaTYpHUX BUMPOGYBaHb MPOMMCIOBMX Ta TEXHOJOTIUHMX OG'€KTiB 06paHO KOMGIHOBaHY TEIIOBi3iitHO-
TeTUVIOMEeTPUYHY METOAMKY JOC/TiIKeHb, IO IMOEAHYE TEIUIOBi3iliHy 3/10MKY XapaKTepHUX TETUIOBMX 30H JJIST BUSIBJIEHHSI
aHOMaJIbHUX JIIJITHOK Ta KOHTAKTHI BUMipIOBaHHS TeIuIo(i3MUHMX TOKa3HUKIB B IIUX 30HaX. [IJis1 TPOBEeIeHHS TPUBAIOTO
MOHITOPMHTY Terodi3uuHMX MapaMeTpiB OLHOYACHO HA Pi3HMX IUISTHKAX 00’€KTiB BUKOPMUCTAHO KOMIT IOTEPU30BaHY
indopmariitHO-BUMipIOBaJIbHY CHUCTEMY, OCHAIeHy KOMILIEKTOM IIepBMHHUX CEHCOpiB TeMIepaTypu, TeIUIOBOTO
MIOTOKY, BOJIOTOCTi Ta iH. B pesynbpTaTi OTpMMaHO i OmpalbOBaHO MacHUB AAHMX, PO3PaXOBAaHO MapaMeTpy CKIaZHOTO
KOHBEKTMBHOTO Ta Pa/iialliifHOro TEMI000MiHY, BUSHAUEHO OITip TeIIonepeaayi, 1o 03BOJISIE aleKBATHO OI[iHMUTH CTYITiHb
HeOe3MeKkM BUSBIEHMX TEIUIOBMX aHOMAJiil Ta PO3pOOMUTM 3aXOaM 3 TePMOMOAEpHisalii 06’eKTiB i3 3aCTOCYBaHHSIM
CYJaCHMX TEIUIOi30/SILIHNX MaTepiaaiB. 3MEeHIIeHHS TeIVIOBTPAT Y BUPOOHUUMX ITPOIIeCaxX TAKOX AOCSTAIOTh MUISTXOM
opraHisariii sIKicHO1 TerIoBoi i30/s11ii TEXHOIOTiUHMX araparis, TPyOOIIPOBO/IiB, XOJMOAMIBHOTO 061aHAHHS. [0JIOBHUM
rapamMeTpoMm Jjisl BUOOPY HEOOXiZHOTO MaTepialy € 10ro HU3bKa TEIUIONPOBIAHICTD B Iiana3oHi pobouoi TemIiepaTypu
o6nasiHaHHs. [IJ11 KOPEKTHOTO BUGOPY e(eKTUBHUX TEIUIOi30/SITOPIB MPOBEeHO NOCTiIKeHHSI TeIJIONPOBIAHOCT] HU3KU
MIOMYJIIPHMX MaTepialiB BiJOMUX CBiTOBMX BMPOGHMKIB Ha cepTudikoBaHiii iHdbopMmalliiiHo-BuMipIoBa/ibHili cucTeMi
YKpaiHCbKOi pO3pO6KM CTalliOHAPHMM METOIOM IIACTMHM 3 3aCTOCYBAHHSIM CEHCOPiB TEIIIOBOTO IIOTOKY Ta TEMITEPATYPH.
O1iiHeHO TerIoQi3MyHi MOKa3HMKM TEIUIOi30/sIiiiHUX MaTepiasiB B miamasoni 0,02...0,045 Bt/(M-K) Ta mokasaHo, 10
TeIUIONPOBIAHICTh MaTepialiB i3 3aKPUTOI MiKPOIOPUCTOI0 CTPYKTYPOIO BABiUi MeHIa 332 BOJIOKHUCTI i HE 3a/IeXXKUTh
BiJl TYCTMHM MaTepiajy, [0 po6UTh iX HalKpaliyum BapiaHTOM IJis CIIOPSIIKeHHSI BUCOKOSIKICHOI i30/s11ii OyziBenb Ta
o6yiaHaHHS XapuOBMUX BUPOOHMUIITB
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TeIJIONPOBiIHICTD
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